For skeletal reconstruction after resection of malignant bone tumors, hyperthermia-treated
Introduction
In the treatment of malignant musculoskeletal tumors, recent advances in diagnostic imaging 1) 2), neoadjuvant chemotherapy 3), and operative techniques 4) 5) have encouraged orthopedic surgeons to shift the surgical techniques from amputations to limb-salvaging procedures. The survival rate of patients with primary malignant bone tumors has improved to approximately 70%, and modern protocols of multi-disciplinary treatment with limb-salvage procedures reveal similar oncological results to those of previous ablative surgery 6). From an oncological point of view, therefore, limb-sparing operations are widely used for musculoskeletal neoplasms. Since most of the affected bone must usually be resected, a resultant large osseous defect is usually left. The limb-spearing surgery used so far for the reconstruction of the osteoarticular structure has included arthrodesis with bone graft, endoprosthesis implantation, reconstruction using allografts, and immediate reimplantation of resected bone with extracorporeal treatments, such as freezing, heating, or irradiation. However, no golden standard exists, and the indication is still controversial 7).
Widely used reconstruction procedures and their complications

Arthrodesis with bone graft
Local resection and arthrodesis for tumors was first described by Lexer in 1908 8) . Subsequent reports have revealed frequent complications including infection, non-union, and late fatigue fracture 9-11). To overcome these problems, several techniques have been developed . Enneking and Shirley utilized a customized bent, a fluted rod, providing a stable extremity that permitted resumption of a vigorous life-style within approximately one year 12). Arthrodesis of the knee with a vascularized fibular rotatory graft has been reported by Rasmussen et al.13) . These researchers suggested that , although the routine use of vascularized grafting as the initial procedure is not indicated, a vascularized fibula transfer should be considered when there is massive loss of bone structure after a non-united arthrodesis or a resection of a malignant bone tumor. Usui et al. described the results of limb-saving surgery using a vascularized fibular graft for osteosarcoma and suggested that this method should be considered for limb rescue in young patients with osteosarcoma because of the high durability of the graft 14) .
Endoprosthesis implantation
Surgeons who treat primary bone neoplasms of the extremities are primarily concerned with the survival of their patients and the functionality of the remaining limbs. To preserve the joint function after resection of a massive osteoarticular lesion, endoprosthetic replacement has been performed for juxta-articular skeletal malignant lesions 15). Modular 16) and extendible prostheses 17) have been devised for growing children. Although an excellent functional outcome was observed for a few years , there is a high rate of complications. A long follow-up revealed that the most common reason for implant failure was aseptic loosening, which occurred at a relatively high rate of 27% 16) or 9 .9% in distal femoral replacements and only 2.3% in proximal femoral implants 15). On the other hand, infection occurs at high rates, especially for proximal tibia lesions 15). Another major complication is fracture of the bone 17) or implants 18). As a result, survival rate of massive prosthesis is suggested to unexpectedly be low 15) 17) . A recent report described that the use of extendible prostheses of the proximal tibia remains an experimental procedure 17).
Allografts
In the 1960s, there were several reports of clinical series with the use of frozen massive osteoarticular allografts 19-21) Since then, osteoarticular allografts have been widely used for the reconstruction of 
Ahmed et a1. 35 ). After pasteurization, marrow stroma, endosteal lining cells, and periosteal lining cells which are the main contributors to osteogenesis of the grafts , were symmetrically distributed at the 8th
week. At the 16th week, a moderate increase in the diameter of the trabeculae and bone remodeling by osteoclasts and osteocytes were found. There was no significant difference between the groups that were pasteurized and those that were not given heat treatments in terms of the reorganization of the grafts 35). These histological findings were confirmed by radiological findings showing that the bone was gradually resorbed, causing temporary porosity, and that long-lasting remodeling followed . At 12 weeks, the callus formation was evident with partial cortication, and at 16 weeks, complete union was obtained .
The histological and radiological processes were also observed in normal temperature-treated bone without significant difference as compared with pateurization-treated bone 35) . These remodeling processes were not found in boiled or autoclaved bone 30) 31). Effect of pasteurization for non-osseous tissues Most malignant bone tumors are located in the juxta-articular position. This could cause surgeons to use pasteurized bone in conjunction with resurfacing prosthesis , or to limit the use of pasteurized bone to the diaphyseal region. However, Hernden and Chase demonstrated considerable success with an autologous whole knee-joint graft in 1952 37). Thus, the effects of the extracorporeal pasteurization method on autologous whole knee-joint grafts were investigated to determine its validity for reconstruction following treatments for bone tumors in the juxta-articular region 35). One month after surgery , the meniscus showed hypo-cellularity in both pasteurized and non-heated groups without significance , indicating that reimplantation but not heat-treatment results in dead condition. Cellularity recovered significantly at 4 months in both groups. A significant recovery of cellularity was also observed in the ligaments in both groups. There was no significant difference between the groups regarding the structure and cellularity of the ligaments 35).
Hernden and Chase reported destructive changes similar to osteoarthritis in the replanted autologous knee joint, suggesting the lethal effect of reimplantation of a joint on the articular cartilage 37) . This destructive process in the cartilaginous structure has not been observed one month after treatment in the ( 4 ) ( 5 ) at the graft-host junction may be less significant in pasteurized bone than in an allograft . However, fracture is still a major complication in pasteurized bone . Thus, additional mechanical supports, such as a vascularized fibula (Fig. 1) , should be devised in the future . Articular cartilage destruction was observed in patients with pasteurized bone and cartilage one year later 42). This was also suggested by the experimental study 35). Further investigation for reconstruction of the degraded articular cartilage will be necessary when the pasteurization is applied for bone neoplasms arising in the juxta-articular area.
Conclusion
Pasteurization is not ideal. There are many problems to be overcome , such as the long time required for rehabilitation before gait independence is achieved . Endoprosthesis replacement provides functional results earlier without gait support. Grimer et al. reported that patients who died from their disease within two years of the initial operation were mobile and walking throughout that time and that the Fig. 1 . A 12-year-old boy with an osteoblastic lesion in the distal metaphysis of the femur with an extraskeletal lesion (arrow) (A). After chemotherapy, an autologous pasteurized distal femur with a joint surface was used for reconstruction (B). An arrow indicates the junction between the host and graft bones . A vascularized fibula was fixed by two screws along the medial side of the femur. Note the vascularized fibula fragment was implanted inside of the pasteurized bone graft. On the scintigraphical examination taken 4 months later (C) , a clear uptake is shown in the vascularized fibula, suggesting the supporting effect of the fibula . No uptake was seen in the pasteurized bone at that time. procedure was estimated to be quite successful for the patients 17). In addition, joint cartilage degradation may be unavoidable in the future, as shown in animal experiments 35) . Salvage operations, such as surface-type total knee arthroplasty 31) or arthrodesis, could be considered if necessary. Alternatively, transplantation of differentiated chondrogenic cells would be applied into the heat-treated cartilage tissue. However, reconstruction with a patient's own bone, cartilage, and ligamentous structure may make this operation superior to other reconstructive procedures since many fundamental complications, such as the low survival rate with a massive prosthesis, the lethal risk of transfections, such as HIV, the many kinds of immunological responses in the allografts, and the lack of availability of allografts, can be avoided.
